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Introduction 
Much interest is being displayed in the improvement 
of s~all grains. Methods of effecting an advance in the 
yield or quality of wheat, oats, barley, and other grains 
are being extensively investigated. Recently the theory 
of pure lines has been applied as a method of such im-
provement and some very favorable results have been ob-
tained. This method requires a very close analysis of 
the material dealt with, and consequently biometry has 
been brought into use. Biometry enables the breeder to 
determine accurately the relation of different plant 
characters to each other or of different groups of plants 
to each other. A knowledge of these relations is a great 
aid to the bree ·i er as a guide to further work. 
The point especially sought for in this investigation 
is the relation between mixed populations and pure lines 
of the same variety. It is desired to know whether a 
character is more or less variable or more or less highly 
correlated in a pure line than in a mixed population. 
What generalities can be drawn in regard to the relations 
b~tween pure lines and mixed populations? The following 
discussion will throw some light on the question. 
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REVIEW OF LITERATURE 
Variation 
Since the time of Darwin an i mwense amount of study 
has been done on the pheno~enon of va riation. Darwin 
demonstrated t ha t all i~divlduals of a s pecies differed 
from one another to some extent. Later wor~ers by better 
methods of observation and by the greatly extended scope 
of their observations, demonstrated the tremendous extent 
of va riab i lity. Statistical studies brought to light many 
facts that escaped the casual observer. Laws and relations 
that before had never been t hought of or had existed only 
in theory, now became established facts. The field opened 
up by this study was i~nense and even now, after a half 
century, only a bare beginning has been made. 
Statistical studies of variation in agri~~ltural 
plants are conf ined for the most part to the last ten or 
fifteen years. The plant breeding laboratories of Cornell, 
Zansas and North Dakota Experi~ent Stations have contribut-
ed largely to this work. The work on wheat reported by 
these stations will be briefly reviewed. 
Roberts' (1911) studies in variation in pure lines 
of wheat show that for the oharacters, length of spike, 
number of oulms, number of spikelets, number of flowers 
per Spikelet, and number of kernels per spike, respect-
ively, the relative variability through three strains is 
substantially the same. Some slight differences are not-
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ed, however, in s pike length and the number of s pikelets 
per he a d. He d oes not ma~e a comparison between a pure 
li ne and a mixed popul a tio n . C o~parisons of the varia-
bility of the same pure lines from year to year show de-
oided dif f erences. He gi ves good evi dence that seasonal 
and "place variations" influence very markedly the bio-
metrical co~stants of certain characters of wheat. Some 
characters are aff ected more than others. The better 
growing season is found to reduce variability. 
Myers (1911) in studying the eff ects of fertility 
on variation, I ound that increased fertility deoreased 
variability. This is consistant with Roberts' results. 
Love (1911) working with peas, buckwheat, and corn, 
found, however,that increase in fertility increased 
variability. DeVries "Die Mutation Theorie" (Darbyshire 
and Farmer 1909) pOints out that increased nutrition 
produces increased variability. He states that the nu-
trition of the mother plant on the seed has a great in-
fluence on the variability of the plant offspring, even 
greater influence in many cases, than nutrition during 
vegetative life itself. Darwin f1868) states, "Of all 
causes that induce va riability, excess of food whether 
or not ohanged in nature, is probably the most powerful." 
According to Love and Leighty (1914) in their work 
on va riation in oats, an increased mean is always attend-
ed with an increased standard deviation and a decreased 
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mean with a decreased standard deviation. 
Leighty (1914) in some independent but siQilar stud-
ies found the same to be true generally, but noted some 
exceptions. 
Bearing directly on the point of comparison between 
pure lines and mixed populations, is the work of Johann-
sen on his nineteen pure lines of beans. Comparing the 
standard deviations of each pure line with the same con-
stant of the whole population of pure lines (Table 1), 
it is seen that the latter is higher in all except line 
A. The standard deviation of line A is 14 milligrams 
Line Ho.of Beans 
A 145 
B 475 
C 282 
D 307 
E 255 
F 241 
G 533 
H 418 
J 712 
K 188 
tr 
109 
93 
76 
84 
75 
76 
78 
70 
74 
66 
Table #1 
Line No.of Beans 
L 
M 
N 
o 
p 
R 
S 
T 
273 
295 
357 
219 
106 
305 
83 
159 
141 
0--
69 
71 
78 
65 
75 
69 
66 
72.5 
64 
Total 5494 tr ': 95.3 
higher than the standard deviation of the mixed popula-
tion, 109 as compared with 95. It will be sufficient to 
mention that when the beans were divided into lines on 
the baSis of some character other than weight of seed, 
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it was found that the standard deviations always ranged 
above or below that of the mixed population, a lthough 
mostly below. 
Correlations 
The amount of work that has been done in' studies of 
correlations in the wheat plant is as yet comparatively 
Slight. Much less has been reported. A great many re-
ferences are available which cite general observations on 
the relation between one character and another, but these 
observations are not based on strict biometric ratios nor 
are they expressed in such terms. These throw some light 
on the problem in hand and will be briefly conSidered. 
DeVries (1907) in citing an illustration of the great 
practical worth of biometry as a means of improving a 
plant, points out the work done on barley by Dr. Nilsson 
at Svalof, Sweden. The barley as cultivated in the cen-
tral part of Sweden for the purposes of brewers had a very 
weak straw and in unfavorable seasons it woul d 10Qge, in-
VOlVing the loss of large parts of the harvest. After 
many years of selecting in the ordinary way and getting no 
results, Dr. Nilsson tried another method. He f ound a bar-
ley with strong haulms but less desirable' as to the quality 
of its grain. He had observed that there was a relation 
between some marks of the hairs on the base of the scales 
and the composition of the albumen of the grain. Long, 
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straight hairs are correlated with coarse kernels, but 
short and crisp, more or less wooly hairs are indicative 
of t hose qualities which stamp a barley as a good kind 
for the brewery. On this assumption Dr. Nilsson began 
to searoh his stiff strawed variety for compact heads 
with suitable qualities of hairiness. Thousands of 
plants were examined out of whioh some sixty plants were 
seleoted. They were given a comparative test and final-
ly the best one selected. It combined good brewing qual-
ities with a strong haulm. Wbsn placed on the market 
this new variety soon displaced the old one. Its superi-
or qualities have been of i ~aense practical value to the 
farmers of Sweden. 
DeVries (1907) pOints out several instances where 
being aware of a correlation between two apparently inde-
pendent characters has helped the breeder to make great 
strides in the improvement of his plant. 
In reviewing the work of various experimenters we 
find some cont licting data. 'i.>WO characters that are 
directly correlated in one set of results are much less 
directly or indireotly oorrelated in another. Lawes and 
Gilbert (Lyons 1905) are quoted as attributing these ap-
parent inconsistancies to va riations in soil, climate and 
varieties. 
Lyons (1905) is of t he opinion that s oil a.ni clima.te 
oondition8 are ereat factors in determining the relation 
of yield to other charaoters of the plant. 
K~rniche and Werner are quoted (Lyons 1905) as stat-
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ing that more straw and less grain are produced in mOist 
climates than in dry. The thickness of straw and the 
weight of kernels from 100 heads are greater. while the 
percentage by weight of kernels to straw is much less in 
a moist climate. Haberlandt is quoted (Lyons 1905) as 
stating that a dry climate produces a kernel of especial-
ly heavier weight. 
Lawes and Gilbert (1880) found t~~t almost invari-
ably a season favoring a long, continuous growing of the 
plant after heading, resulted in large yield of grain, 
high weight per bushel, and a plump kernel with low nitro-
gen content. 
Georgeson (1893) found that there was a relation be-
tween maturity of seed used and yield of crop, the im-
mature seed giving less yield than the mature. 
Lyons (1905) found that with an increase in the 
weight of the kernel there is a corresponding increase in 
the number of kernels on the plant up to a certain point 
beyond the average kernel weight, then there will be a 
decrease and inversely. He found no relation between the 
average weight of kernel and the number of kernels on a 
spike. Newman (1912) in reviewing the work of Svalof, 
POints out that a rising number of kernels in the spike-
let was generally found with a oorresponding increase in 
the weight of kernels. It simply indioates general vigor. 
This being true of the spiKelet. would probably be true 
also of the spike. If it is, then this confliots with 
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Lyons' observation. In accord with Lyons' statement on 
the relation of the average weight of ke r r-el and the total 
number of kernels per plant, is that of Love (1911) who 
finds a correlation coeff icient of .251 * .033 f or these 
two characters. This coefficient indioates a slight ten-
dency for the two characters to vary together. Lyons 
(1905) observed that there was little correlation between 
Size of head and average size of kernel. Runker (1890) 
reports that the longest spi~es produce the heaviest 
kernels, also that there is a direct correlation between 
weight of the spike and the average weight of kernels. 
Love (1911) reports a correlation of .278 l .033 for 
height of plant and average weight of kernel. This would 
not be considered a very close correlation. Myers (1911) 
for the same charaoters, found a correlation of .480 * 
.025 which is relatively high. He states that the work 
of Love, just noted, is directly comparable to his own, 
the only difference being that Love's work was on pure 
li~es while his was on mixed populations. It will be 
noted that there 1s a wide discrepanoy. 
Roberts (1911) states that there 1s high correlation 
(.8346 1 .0712) between the number of culms per plant and 
the Weight of grain per spike. Roberts attaches a great 
deal of significance to this point. He says that tiller-
ing is in all probability the most important vegetative 
phenomenon in the growth of the wheat plant so far as 
yield is oonoerned sinoe it is so highly correlated with , 
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weight of grain per head. 
Myers (1911) in making comparisons of correlations 
on soils of v~rying fertilit y , found a coefficient of 
.013 i .032 for the number of culms and the average 
weight of culms per plant on ordinary soil. 
Myers (1911) observed that an increased weight of 
straw is attended with an increased weight of grain. He 
adds, "This relation is most marked in the case of the 
indi vidual culms." The 'coefficients are not expressed. 
Both Roberts (1911) and Love (1911) found a high 
oorrelation between length of culm and size of the spike. 
Lyons (1905) finds that the tallest plants have the long-
est heads. 
Newman (1912) in considering s i ze of s pike in its 
relation to yield, states that mo st often a large spike 
is indicative of a large yield but many times t he best 
.yielding varieties have small heads. He finds that a 
heavy head is hi ghly oorrelated with a high yield. He 
finds that large kernels are often associated with large 
yields but he states that in pure lines the greatest 
yielders usually have average sized ~ernels. Lyons 
(1906) notes that the average weight of kernel increases 
With inoreased yield per head. He states also that as 
yield per plant deoreases the average weight of kernel 
daoreases. He finds a direct correlation between yield 
and volume of kernel and yield and the specifio gravity 
ot the kernel. 
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Sanborn (1893) reports that wheat seed of high spe-
cific gravity produced heavier kernels than seed with low 
specific gravity though actual yield was not increased. 
Lyons (1905) co~e nting on yield and specific grav-
ity relations, said low yield from low specific gravity 
seed may be due to the fact that such seed is not normal, 
but seed medium or high in specific gravity probably are 
equal in productive capacity. 
Vestergaard (Newman 1912) found no correlation with-
in pure lines between the weight of 1000 kernels and yield. 
Indiana, Zansas, North Dakota, Tennessee, Nebras~a, 
Ontario, and New South Wales experiment stations all re-
port (Hunt 1910) that large kernels produce larger yields 
than smaller kernels. 
Love (1911) found a correlation of .327 ~ .031 be-
tween yield and average weight of grainl. This indioates 
SOme correlation between these two oharacters. 
Between yield and the number of kernels per plant 
Love (1911) finds a oorrelation of .985 ~ .001. This is 
almost a perfect oorrelation. A high ooeffioient is to 
be expected, yet in thi s case it seems abnormally high. 
Love (1911) gives a ooeff icient of correlation of 
.294 i .032 for the characters yield and height of plant. 
He states that he would expeot a closer correlation be-
tween height of plant and yield but explains that a high 
yielding plant often has a few very short culms which 
would affect the average height very much altho the modal 
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height woul d still be great. 
Lyons (1905) finds that increased yield goes hand in 
hand with increased tillering and increased height. New-
man (1912) observed that till ering might have an impor-
tant influence on yield but a strong tillering propensity 
might be objectionable. A great number of tillers might 
be put out at the expense of seed production. He states 
that suoh ca ses have been observed. 
The value of a correlation, as an aid to the plant 
breeders, is variously estimated. During the first years 
at Svalof entire dependence was placed on biometrical 
methods to guide the breeder in his selections. Later it 
was decided that the worth of a plant could not be judged 
entirely on the bas is of morphological charaoters and 
more dependence must be placed on direct judgment. Bolen 
and Tedin ( Newman 1912) found plants having suppo sedly 
undesirable characters producing better results than 
plants especially selected for the desirable characters 
whioh they manifested. To these men this was a severe 
blow to their estimation of the importance of correla-
tions in forming direct judgment as to practioal values. 
Johannsen, Ravn and other workers (Newman 1912) of re-
cent years have pointed out the futility of trying to 
judge practioal qualities from other oharacters in ao-
oordanoe with the idea of oorrelations. 
On the other hand, we find DeVries giving an un-
qualified support to the value of "judging of the worth 
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of single plants on the ground of seemingly insignificant 
marks." He can see infinite possibilities for the plant 
breeder in this method of attack. Several workers in the 
United States are placing confidence in the method but 
not to the extent perhaps that DeVries does. 
Nilsson best sums up the situation when he says. "A 
progressive system of plant improvement cannot be a one 
Sided system. but must embrace all possible methods of 
reaching the desired end." He thus takes a middle ground 
where oorrelation has its place and gets due recognition. 
but does not displaoe all ot~er methods of plant improve-
ment. 
Methods 
In a study of a group of plants such as this work 
involve s . and such as was involved in all the work just 
referred to. it is nece ssary to make a number of measure-
ments and resolve differences and resemblances of plant 
charaoters into exact mathematical terms. Plants are 
described as having so many culms, so many ke rnels, such 
and such heights and so on through a long list of measure-
ments. These values are brought together and summarized 
into various mathematical coeff icients which are express-
ions of various characteristics of the group of plants. 
This process is known as the science of Biometry. 
The expressions which will be used in this study are 
mean. standard deviation. ooefficient of variability. and 
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coefficient of correlation. It is without the scope of 
this paper to describe how these cons taLts are derived. 
It will suffice to discuss briefly their significa nce. 
The Mean "M" is an expression of the average value 
of the character in question for a particular group of 
individuals. It is a fair expression of type but is not 
to be relied on always for in sooe cases it may be mis-
leading. Davenport (1907) cites an illustration to show 
how it might be misleading. "In a coomunity of paupers, 
there lives a millionaire. Now the mean wealth of the 
community would be fairly high. Still the prevailing 
type WOuld be paupers." The mean is to be depended upon 
as an expression of type only when it represents a group 
large enough and of such character that it COincides 
fairly closely with one's judgment as to the prevailing 
type. For purposes of comparison we can only use means, 
measured with the same unit, on the same chara cter in 
different groups. 
The Standard Deviation is an index to the variabil-
ity of the individuals of a group, around the mean. It 
expresses accurately the degree to which the individuals 
within the group tend to wander, so far as the character 
in question i s concerned. If the breeder is working 
toward a fixed ideal type it enables him to judge what 
progress he is making by comparing from time to time the 
indices of variability. Two different groups or races 
may be judged as to their relative value as regards a 
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specific character by comparing their standard deviations. 
It is not ordinarily practicable to com~are the standard 
deviation of one character with that of a different char-
acter for two r easons: first, the one mean may be much 
larger than the other; and second, the two may be expressed 
in entirely different units, a s grams and centimeters in 
which case direct comparison would. be an absurdity. 
The coefficient of variability, an abstract express-
ion of variability reduced to a unit basis of type, affords 
the breeder a means of comparing any character as to its 
stability with any other character regardless of the size 
of its mean, the unit in which it was measured, or the 
time or place the comparison is made. While standard 
deviation restricts the breeder to a consideration of 
only one character, the coefficient of variability permits 
a comparison between any characters, no matter how di-
vergent, whether on the same or different species or be-
tween plants and animals. This is of great i mportance. 
The breeder can thus know the real character of the whole 
population with which he works and can judge at all times 
of the trend of his race, whether it is going forward 
toward the ideal type or regressing away from it. He 
does not Simply dabble in the whirlwind of variability 
and leave everything to chance. 
The Coefficient of Correlation is an index to the 
r e lationship that exists between two characters. It has 
been Observed that separate characters tend to move to-
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gether to a greater or less degree. This relation is ex-
pressed in a ratio based on unit y . For instance, one char-
acter taken as the subject is seen to vary in a certain 
direction and corresponding to this another character taken 
as relative is seen to vary equally as much and in the same 
direction, then we say there is a perfect positive correl-
ation. The relation is expre s sed by the ratio 1. On the 
other hand if an increase in one character is followed by 
a proportional decrease in the other, then the ratio is -1 
or perfect negative correlation. If the characters move 
entirely independent of each other there is said to be a 
zero correlation. There are all degrees of correlation 
between 1 and -1. The charaoter yield in wheat may be 
associated with number of oulms per plant, say 70 or 80 
per cent. Any other two characters may be associated, say 
20 or 30 per cent or may be opposed to each other to the 
extent of 40 or 50 per cent. We seldom find a relationship 
existing which is absolute, denoting a direct causation, 
or one which is negative, signifying mutual exclusion. 
There are instances where we must distinguish between 
oausal correlation and mere associations. Bailey and 
Gilbert (1915) give four rules for testing the validity of 
a correlation. It is valid:-
"1. If when the first is present the seoond is present 
also. 
2. If when the first inoreases in amount the second 
also invariably inoreases in amount also. 
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3. If when the first is absent, the second 1s invari-
ably absent also. 
4. If when the first decreases in amount the second 
also invariably decreases in amount." 
Two more rules might be added to this to make it in-
clude negative correlations as well as positive. 
5. If, when one is present the other is invariably 
absent. 
6. If, when one increases the other invariably de-
creases and vice versa. 
It is clear that after sufficient n~~ber of trials 
these rules could be applied to differentiate between a 
causal correlation and an accidental association. The 
judgment of the breeder can often be relied upon to dis-
tinguish between these two cases. 
Probable Errors always accompany the constants to 
give us an expression of the amount of confidence we can 
place in our constant. There is the random element of chance 
inVOlved when only a part of population is selected for 
study. It is prObable that the specimens selected are not 
exaotly representative and it is this difficulty that the 
probable error correots. It indicates, with certainty that 
we can expect the true value to fall within its limits as 
often as it falls without. The larger the number of in-
dividuals we use the greater is the chance that our group 
is representative of the entire population and the less 
will be our probable error. 
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Material 
The material used in this investigation consisted of 
four cultures of wheat including two varieties. A pure 
line and a mixed population of Fulcaster grown at the 
Missouri ~eriment Station, anti a pure line and a mixed 
population grown at the Cornell University Experiment 
Station, were employed. The prime object of the experiment 
was to study the phenomenon of acclinatization. This study 
of variations and correlations within mixed populations and 
pure lines is more or less incidental. 
The seed was planted in four plots, 30 feet by 40 feet 
in size. One kernel was planted to the hill and the hills 
were one foot apart each way. ~he hills thus represented 
one plant, which stood out quite alone, with sufficient 
space for maxi mum development. All plants that survived 
the winter conditions in this open method of planting, 
thrived exceedingly well during the spring and summer 
months. Tillering was much above that of average condi-
tions and growth was vigorous. 
Every normal plant was harvested regardless of its 
general character, its size or its position in the plot. 
After a string had been tied around the culms to keep them 
together, they were cut off at the surface of the ground. 
The plants were not labeled but the plots were kept entire-
ly separate and identified. 
The material was then removed to the laboratory and 
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and measured. Out of the thousand to twelve hundred plants 
of each variety or strain, four hundred were selected at 
rando~, the only exercise of choice being in cases where 
the plant was not entire, through shattering or breaking. 
Twelve characters were measured and the measure~ents were 
tabulated for later reduction. The ordinary precautions 
were used to secure the greatest practicable degree of 
accuracy. 
The characters measured and the units of measurement 
used were as follows: 
1. Weight of plant in dec igrams. 
2. Number of c~lms per plant. 
3. Average length of culm per plant in millimeters. 
4. Average number of internodes per culm per plant. 
5. Average length of internodes per culm per plant in 
millimeters. 
6. Average length of spike per plant in millimeters. 
7. Average number of spikelets per spike per plant. 
8. Weight of grain per plant in decigrams. 
9. Average weight of kernel per plant in milligrams. 
10. Weight of straw per plant in decigrams. 
11. Per cent of grain to etraw. 
12. Number of kernels per plant. 
The average length of culm per plant was found by 
dividing the total length of all the culms of a Single 
plant by the number of culms. The average number of in-
ternodes per culm per plant was found by dividing the total 
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number of internodes of all the culma of a plant by the 
number of culms. Similarly the average length of inter-
nodes per culm per plant t the average length of s pike per 
plant and the average number of spikelets per spike per 
plant were derived. The average weight of kernels per 
plant is found by dividing the weight of grain by the num-
ber of kernels. The weight of straw is found by subtract-
ing the weight of grain froo the weight of the plant. The 
per cent of grain to straw was found by dividing the weight 
of the grain by the weight of the straw. 
After all these data were thus reduced to totals and 
averages as concrete expressions of the type of the char-
acters for which they stood, they were transferred to 3 x 6 
inch cards especially ruled and numbered for the purpose. 
Each card contained all the data for a single plant. A 
card would appear somewhat as shown belOW. 
Dawson's Golden Chaff 
Plant no. 162 
mixed Population 
(1914) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
1 :2 .3 
· 
.4 
· 
: 6 :6 
400 10 878 5.3 165 107 
· . 
· . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • t • • • • • • • • • 7 : 8 : 9 .10 : 11 . 12 
22.2 125 
· . 
29 
· 
· . 
: 275 : 45.3 
. 
· . 
417 
• • • • • • • • , • • • • • • • • • • • • • . ". • , • • • • • • • • • • • • • • • t • • • • • • • • • 13 :14 ; 15 :16 : 17 :18 
· . 
. . . . . . . . , . . . . . . . , . . . . . . . . ~ . . . . . . . ~ . . . . . . . . .. . . . . . . . 
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With the data on these cards. it was easy to group the 
plants according to similarities as regardS anyone or two 
characters. ~his was what was done. ~he cards were f irst 
grouped according to yield in decigr&~s, two decigrams be-
ing taKen us the factor. ~hen wi thin ea ch one of these 
groups a secondary distribution was made for ea ch of the 
ot her cnar ':lcters which r "'J 8ul ted in the di stribution tables 
s hown in figures No.s 1 to 44 inclusive. From these tables 
were calculated the ~ean. the standard deviation, the co-
efficient of variability and the coefficient of correlation. 
The mode coUld be determined by inspection. 
The Constants 
The cons t ants have already been discussed as to their 
definition and interpretation. A discussion of their re-
lations as i nfluenced by the conditions of thi8 problem 
shall now be taken up. 
As stated in the introduotion this study is a compar-
ison of the constants of mixed populations and pure lines. 
In what way if any, is a constant of a mixed population 
different from a Similar constant of a pure line? Are these 
differences such that a general rule can be formulated to 
explain their oocurance? A hasty survey of tables 3. 4. 
5. and 0, will show that the constants for pure lines are 
in some cases higher than those of the mixed population 
and in some cases lower. Graphs 1 and 2 show how the co-
Charaoters 
Yield of Grain 
Weight of Plant 
Number of Culms 
Ave. Lenath of Culms 
Ave. NO. of Internodes 
Ave. Lenath of Internodes 
Ave. Length of Spikes 
Ave. No. of Spikelets 
Ave. Weight of Kernels 
Weight of Straw 
Fer cent of Grain to Straw 
Number of Kernels 
Table 2 
Is the Pure Line above or below the Mixed ~opulation? 
,l!'ulcaster Dawson's Golden Chaff 
. . 
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efficients of variability for pure lines fluctuate around 
the coefficients of variability of mixed populations as a 
base. Graphs 3 and 4 show how the coefficients of correl-
ation for pure line fluctuate around those of the mixe~ pop-
ulation taken as a base. The relations of the constant 
are shovm in another way in table 2. In this table a com-
parison is made between the line and population as regards 
anyone character and any of its constants. Also the two 
varieties may be compared by following the lines across. 
This casual survey will suffice to show the general trend 
of the relations which this material exhibits. 
Looked at thus hastily. the impression is that there 
are at least a few discrepancies. Records are not avail-
able to tell us what type of plant was selected as the . 
parent of the pure line. It is natural to suppose that 
a plant somewhat above the average of the mixed population 
was selected. Whatever the selection. it seems that judg-
ing from the means, the pure lines are not as good as the 
mixed populations although in certain characters the pure 
line does show an advantage. The standard deviation is 
expected to be greater in mixed populations because there 
we have in addition to the fortuitous variations, the 
hereditary variatiOns, while in pure lines we have only 
the latter. In these data there occurs instances where 
the standard deviation is greater in the pure lines. For 
t he same reasons it would be expected that the coefficients 
-'0 
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of variability in pure lines should be less than in mixed 
populations. Such is not always the case in these data. 
~e correlation coefficient is, presumably, not affected 
in any special manner by being in a mixed population or 
pure line. The degree of correlation is a matter of in-
heritance and environment and may be greater or less as 
the chance of selection or place happens to make it. Some 
of these apparent discrepancies may be explained. 
Mean 
Since the environmental influences for the pure lines 
and mixed populations are praotically identical we may 
assume that the differences which exist between these 
groups of plants are due, for the most part, to heredity. 
Zeeping this assumption in mind let UH consider the means 
of the various characters. In the pure line of Fulcaster 
the means are below those of the mixed population in eight 
characters and above in four. In Dawson's Golden Chaff 
the ratio is the same but for different characters in two 
cases. According to the pure line theory a pure line is 
constituted of a group of characters whose means may be 
above or below the means of the race from which it was 
selected. It is not by mere chance then that eight means 
in the pure lines are below those of the mixed populations 
and that four are above, but at the ti~e the pure line 
selection was made those hereditary qualities were taken 
t 
whioh preoluded any other possibilities except a lesser 
Table 3 
MEANS 
Characters Fulcaster Fuloaster Dawson's Golden Dawson I s Golden 
Mixed Line Chat·f - Mixed Chaf'f - Line 
Yield of Grain 17.226 % .3289 15.478 1 .2854 18.988 1 .3068 16.648 1 .2680 
Vleight of :Plant 58.618 1 1.043 55.101 * .9622 59.379 1 .9522 49.206 * .7351 
Number of Culms 18.067 * .2489 17.291 1 .2277 15.012 ~ .1888 13.421 % .1702 
Ave. Length of Cu1ms 79.384 ~ .3419 81.196 * .4003 78.449 % .3233 84.096 * .2454 
I 
Ave. NO. of Internodes 5.147 % .0325 5.195 ~ .0096 5.204 1 .0116 4.794 ~ .0130 ~ ~ 
• 
Ave. Length of Internodes 151.834 % .5016 153.426 1 .5534 148.896 % .6120 170.031 % .5256 
Ave. Length of Spikes 109.171 * .3981 108.756 * .3875 105.474 ~ .2879 99.351 % .2605 
Ave. ~o. of Spikelets 19.918 1 .0536 20.092 % .0543 20.910 % .0399 20.106 1 . 0365 
Ave. wt. of Kernels 26 .444 1 .1230 26.957 I .1325 27.746 1 .1568 28.626 * .1223 
Weight of straw 413.217 1 7.244 394.162 % 6.906 414.113 1 6.618 324.748 1 4.796 
% of Grain to Straw 40.263 % .2206 38.312 1 .2711 43.336 * .3448 50.295 % .3153 
Number of Kernels 618.844 110.287 562.182 % 9.354 624.684 % 9.391 556.045 ): 8.396 
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yield, a smaller average weight per plant, a smaller aver-
age number of culms, or a greater average length of culms, 
etc. 
There is an objection to holding to this rule too 
rigidly, however. It is possible that the hereditary tend-
ency to produce few culms has contributed to making longer 
culms, even longer culms than could be attributed to her-
edity directly. When the plant could not use its food 
supply in making a great number of culms it would naturally 
turn that supply to making stronger and longer culms. Henoe 
it is reasonable to suppose that the environmental factor 
of unlimited food supply in this case, affeoted the size 
of the culm, making it surpass its inheritance. \1hile 
environment acts here only indirectly through the agency 
of heredity, it is nevertheless an environmental effect. 
Environment tends to balance the plant, in this particular 
instance, while heredity tends to unbalance it. 
It is diffioult to assign the relative importances of 
these two factors, as influencing the mean. Heredity is 
undoubtedly the strongest determiner when the environment 
is optimum or better. There are so many possibilities of 
interaction between the two factors, however, depending 
on the parts of the plant affected, the degree of the 
influenoe and the time it is set to work. When on acoount 
of heredity there are but few culms per plant, the result-
ing relatively large food supply causes the culms to grow 
to exoessive length. With longer culms there comes usually 
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a greater average number of internodes per culm per plant, 
and always a greater average length of internode. In-
creased size of kernel may be ascribed to the fact that 
there are fewer heads and fewer number of kernels per plant. 
Greater per cent of grain to straw can be attributed to a 
similar interrelation between the parts of the plant. These 
relations sum themselves up in the principle of compensation. 
The means, as they appear in this study then, are the 
result of a strong heredity force and a lesser environmental 
influence. While the environmental factor is constant for 
all linea and populations, it cannot react on all of them 
in the same way. Where heredity acts to change the balance 
of the plant in one place, environment reacts to compensate 
it in a particular way. while another change would involve 
an entirely different reaction. Hence, we can Bay that 
environment does play a part in determining the means of 
plants, and not acting the same on different plants or 
different groups of plants, it plays a very important 
role in establishing the relations between the me~DS of 
different plants and of different groups of plants. 
standard Deviation 
The Standard Deviations oonstants of the pure lines 
are not consistantly above or below the standard deviation 
constants of the mixed population. As has been already 
stated, the standard deviations of the pure lines would be 
Table 4 
STANDARD DEVIATION COnSTANTS 
Charaoters Fulcaster Fuloaster Dawson's Golden Dawson' s Golden 
JlJ.xed Line Chaff - Mixed Chaff - Line 
Yield of Grain 9.729 i .2326 8.400 1: .2018 9.041 1: .2169 7.920 1: .1896 
Weight of Plant 30.866 1: .7380 28.319 * .6805 28.056 * .6733 21.'119 * .5199 
Number 0 f CUlma 7.362 * .1760 6.7U2 * .1610 5.b64 * .1335 b.U31 * .1204 
Ave. Length of Culms 10.113 1: .2418 11.782 1: .2B31 9.528 1: .2286 7.250 * .1735 
I 
Ave. No. of Internodes 
.271 * .0064 .284 * .0068 .343 1: .0082 .387 1: .0092 N ....:a 
• 
Ave. Length of Internodes 14.835 1: .3547 16.288 * .3914 18.034 1: .4328 15.528 1: .3717 
Ave. Length of Spikes 11.775 1: .2815 11.405 1: .2740 8.483 * .2035 7.696 1: .1842 
Ave. No. of Spikelets 1.583 1: .0378 1.600 * .0384 1.177 1: .U282 1.08U * .0258 
Ave. wt. of Kernels 3.640 * .0870 3.901 1: .0~37 4.b21 * .1109 ~.613 * .0864 
Weight of Straw 214.272 1: ~.123 203.269 1: 4.884 195.014 1: 4.680 141.688 1: 3.392 
% of i.1raln to Straw 6.525 * .1560 7.980 1: .1917 10.160 1: .2438 9.315 * .2230 
Number of Kernels 304.279 1: 7.275 27b.301 1: 6.615 2'16.720 * 6.641 248.042 } b.938 
expected to be below those of the mixed populations. In 
Fulcaster six oharacters of the pure line show greater 
deviation than the same characters in mixed population. 
Those characters are average length of culms per plant, 
average number of internodes per culm per plant, average 
length of internodes per oulm per plunt, average number of 
spikelets per spike per plant, average weight of kernels 
and per cent of grain to straw. In Dawson's Golden Chaff 
only one oharacter, the average number of internodes per 
culm per plant, has more deviation in pure line than in 
the mixed population and ele¥en have less. Dawson's 
Golden Chaff more nearly marks up with expectations than 
FUlcaster. 
It will be noticed that in many cases the standard 
deviation is greater in the pure line where the mean far 
that character is also greater. Leighty and Love (1914) 
in their work on oats, observe that increased mean is 
associated with greater variation. In the Fulcaster variety 
in this study every increased mean in pure line is attended 
with increased standard deviation. Judging from the data 
On ~ulcaster alone, it appears that the work of Myers (1912) 
is in a measure corroborated, namely, that conditions 
favoring increased growth or higher means, favored varia-
bili ty. In Dawson' s Golden Cha f f. however, increased means 
in pure lines are attended with decreased variability. In 
one character the average number of internodes per culm per 
plant, the mean is decreased while the standard deviation 
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is increased. Judging from correlation coefficients and 
by distribution tables of this character, it is quite 
independent in its relations to other characters and i8 
quite independent of environmental conditions. Heredity, 
it seems, is the large determining factor for this character. 
There are two cases in the :b'ulcaster variety where de-
creased means in pure lines is attended with increased var-
iation. The characters referred to are average weight of 
kernels per plant, and per cent of grain to straw per plant. 
Uilsson (Newman 1912) observed that greater or less yield 
did not materially affect the size of the kernels on the 
average but usually a less yield was due to the decreased 
number of kernels. However, a decreased nuober of kernels 
per spike per plant was usually associated with a greater 
per cent of small grains. In these data the mean yield, 
the mean number of kernels t and the mean average weight of 
kernels in the pure line are below those means of the mixed 
population and it is probable that the same conditions ex-
ist as to the variability on the size of kernels as in 
Nilsson I s stUdies t hence an explanation of the increased 
variability in this case. 
The per cent of grain to straw expresses a relation 
between the yield of grain and the yield of straw for 
each individual plant. A correlation between yiel·i of 
grain and yield of straw indicates a similar relation for 
the population. It is seen that the correlation coeffici-
ent for yield of grain and weight of straw per plant is 
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less for pure line than for mixed population. In other 
words, there are more cases in the mixed population where 
yield of grain and straw respectively do move together and 
maintain a constant ratio than in the pure line. It is 
therefore evident that there is more variation in the ratio 
between yield of grain and yield of straw in pure li ~es than 
in mixed populations. Why there should be less correlation 
between these two characters in the pure line and therefore 
more variation in the ratio between them, will be brought 
out in the discussion of the correlation coefficients. 
Coefficients of Variability 
The ooeffioients of variability give evidence in re-
gard to the comparative variability of the different ohar-
aoters. AS for one character in the pure line and the 
same oharacter in the mixed population for Fulcaster, the 
same general relations are shown by the coefficients of 
variability as by standard deviation, except in the case 
of the average number of spikelets where the coefficients 
are identical. A similar comparison in Dawson's Golden 
Chaff shows more variability in the pure line than in 
the mixed population for three characters, number of culms, 
average number of internodes, and number of kernels. It 
will be recalled that the standard deviation showed greater 
variation in only one character in the pure line, namely 
the average number of internodes. A consideration of 
Table 5 
COEFFIC~iTS OF VARIABILITY 
Charaoters Fu1caster Fulcaster Dawaon's Go1 den Dawson's <;olden 
Mixed Line Chaff - .Ihlxe d chaff - Line 
Yield of Grain 56.4 * 1.7010 54.2 ~ 1.6410 47.6 ~ 1.3771 47.5 ~ 1.3699 
Weight of Plant 52.6 ~ 1.5672 61.3 ~ 1.6230 47.2 ~ 1.3620 44.1 ~ 1.2442 
~umber of Culms 40.7 ~ 1.1232 38.7 ~ 1.0601 37.0 ~ 1.0022 37.4 ~ 1.0129 
Ave. Length of Cu1ms 12.7 ~ .3085 14.5 1: .3557 12.1 ~ .2946 8.6 1: .2074 
Ave. No. of lnternodes 5.2 1: .1246 5.4 ~ .1301 6.69 ~ .1567 8.07 ~ .1928 I 
b1 
Ave. Length of lnternodes 9.7 1: .2341 10.6 ~ .2576 12.1 1: .2946 9.1 ~ .2196 ~ I 
Ave. Length of ~plkes 10.7 ~ .2587 10.4 ~ .2526 8.04 ~ .1932 7.7 ~ .1864 
Ave. ~o. of Spikelets 7.9 ~ .1900 7.9 ~ .1910 5.6 1: .1348 5.3 ~ .127£ 
Ave. Wt. of Kernels 13.7 ~ .3336 15.0 ~ .3684 16.6 ~ .4092 12.6 ~ .3064 
Weight of ~traw 51.8 l- 1.5353 61.5 ~ 1.5312 47.09 ~ 1.3544 43.6 ~ 1.2263 
% of ~raln to Straw 16.2 1: .3973 20.8 ~ .5210 23.4 1: .5915 18.6 1: .4678 
Number of .Kernels 49.1 1: 1.4292 48.9 1: 1.4287 44.2 1: 1.2510 44.6 1: 1.2624 
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table 5 will show thqt the difference between the coeffici-
ents of variability f or the other two characters in Dawson's 
Golden Chaff named above, is very slight, much les8 than the 
probable error. 
It is interesting to note that the difference between 
the coefficients of variability of anyone character for the 
mixed population and pure line in either of the varieties is 
less than five times their probable errors, the one except-
ion to this being average length of culms in Dawson's Golden 
Chaff. In this case the difference is only a little more 
than five times the probable errors. This pOints to the 
fact that aside from the heredity variations as shown by the 
means the mixed populations are no more variable than the 
pure lines. 
As between the different characters within a line or 
population there is a range in variability from 56.4 ~ 
1.7010 for yield in l'ulcaster mixed population to 5.2 • 
• 1246 for average number of internodes in the same group 
of plants. AS stated previously anyone charaoter is fair-
ly constant in variability in all populations and lines. 
The characters yield, weight of plant, number of culms, 
weight of straw, and number of kernels, all show a high per 
cent of variability ranging somewhere between 57 per cent 
and 37 per cent. The characters, average length of cul~s, 
average number of internodes, average length of internodes, 
average length of spikes, average length of spikelets, av-
erage wei ght of kernel and per cent of grain, fall into a 
group with a relatively low per cent of variability, ranging 
somewhere between 5 per cent and 24 per cent. It is at onoe 
evident that the larger or gross characters show the greater 
variability while the more speoific characters show less. 
If the per cent of grain is taken out of the lower group. 
the upper limit of its range is reduced by 8 per oent, thus 
still more distinctly defining the two groups. The per cent 
of grain to straw does not really constitute a oharaoter but 
represents the relation between two of the grosser characters 
and should really fall in a class by itself. 
In considering the average length of culms per plant. 
the question arose as to the effect on standard deviation 
and coefficient of variability of that character. if the 
culms were not averaged by the plant but were ta~en each as 
an individual unit. The constants found by calculating on 
that basiS were as follows: 
Fulcaster population 
Fulcaster line 
standard Deviation 
21.'110 1 .1213 
21.955 1 .1260 
Dawson's Golden Chaff population 18.309 1 .1129 
Dawson's Golden Chaff line 14.325 1 .0932 
Coeffioient of Variability 
Fuloaster population 27.25 1 .1629 
B'ulcaster line 26.93 1 .1662 
Dawson's Golden Chaff population 23.47 1 .1621 
Dawson's Golden Chaff line 17.50 1 .1173 
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These oonstants cOJlpared with the original data on length 
of oulms in tables 4 and 6 shows that this latter method 
gives coefficients approximately twice as large a8 the 
former method. The differences between the pure lines and 
mixed populations are relatively less pronounced. The prob-
able errors are less. It is probable that the second method 
expresses with a greater degree of accuracy. the variability 
of the character since no averages are introduced to offset 
the individual differences of the culros. For purposes of 
comparison when the plant is generally being taken as the 
unit. the former method is. however. entirely satisfactory. 
The Graphs 
The relations of any character in a mixed population 
with the same character in a pure line of the same variety. 
are brought out descriptively in the following graphs. The 
mean is shown precisely. The amplitude and the modal char- . 
acter of the distribution for each character in each line 
and population appear in contrast. Knowing the relations 
as brought out by the constants. the se graphs prove very 
interesting. 
In all graphs the blue line represents the pure line 
of the variety and the red line represents the mixed popu-
lation. The mean of the character appears in the corres-
ponding color. The means will not be discussed here as 
they have been reviewed earlier in the paper. The curves 
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of the yields in the ,b'ulcaster var iety (Graph 5) are both 
irregular. The pure line is only slightly less irregular 
than the mixed population, and the amplitude is almost as 
great. The curves of the yields of Dawson's Golden Chaff 
(Graph 6) are even more irregular and there is less differ-
ence in t he characters of the two curves than in the Ful-
caster variety. Yield is not a unit character but probably 
depends upon a number of factors, hence it would be expected 
to be irregular, both in pure line and mixed population. 
The curves for weight of plant (Graphs 7 & 8) are 
strikingly similar in both varieties. They are all bi-
modal but rather smooth. The modal height of the pure line 
in Dawson's Golden Chaff is somewhat greater than that of the 
mixed population and the amplitude is less. In Fulcaster the 
modal height is greater but the amplitude is practically the 
same. 
The distribution curves for the character, number of 
culms, (Graphs 9 & 10) show a marked regularity in Dawson's 
Golden Chaff. The amplitude is practically equal but the 
modal height is greater in the pure line. In Fulcaster 
there are four modal points in the mixed population and two 
in the pure line. The amplitudes are about equal but the 
modal height is greater in the pure line. 
~he character, average length of culms, is distinctly 
bi-modal in the pure line of Fu1caster (Graph 11) while the 
mixed population is more regular. The amplitude is greater 
than in the mixed population, while the modal height is less. 
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In Dawson's Golden Chaff (Graph 12) the pure line has much 
greater modal height, less amplitude, and is more regular. 
The average number of internodes show considerable ir-
regularity. (Graphs 13 & 14). In this character Dawson's 
GOlden Chaff appears to be less affected by the pure line 
selection. The whole population of the pure line is shift-
ed downward and the amplitude is greatly increased over the 
mixed population. It is essentially tri-modal while the 
mixed population has four modal points. The highest modal 
POint is somewhat above that of the mixed population. In 
Fulcaster the curves are smoother. The pure line is perhaps 
not as regular as the mixed population. The amplitudes are 
equal but the modal height of the mixed population is slight-
ly greater. The number of internodes is a character which 
might be regarded as an elementary character and therefore 
Would be expected to give a smooth curve in a pure line. 
The figures shown here do not bear out this assumption, 
particularly Graph 14. 
The curves of the average length of internodes in Daw-
Son's Golden Chaff (Graph 16) are very smooth, have a nar-
row amplitude and are high. The mode of the mixed popula-
tion is slightly higher than of tpe pure line. Aside from 
the fact that the pure line population is shifted downward 
Somewhat, the two curves are essentially the same. In the 
Fulcaster the curves for this character (Graph 15) are not 
regUlar. The pure line is distinctly bi-modal and the modal 
height 1s much less than in the mixed population. The 
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amplitudes of the two populations are practically equal and 
relatively broad. 
The average length of spike gives relatively smooth 
curves (Graphs 17 & 18). The pure line of }'ulcaster has two 
mOdal POints but i t one s no sharp. The modal height of the 
mixed po pulation exceeds tha t of pure line somewhat. The 
amplitudes are about equal. The population of the pure line 
1s moved UPward considerably from that of the mixed popula-
tion. The modal character of t he line is rela t i vely smooth 
ani not Sharp while in the popule. t ion the modes are well 
def1ned. The pure line shows a greater modal height while 
the 
POPUlation has the greater amplitude. 
The average number of spike lets gives, in the pure line 
Of -
b'ulcaster (Graph 19), a curve somewhat smoother, but more 
dUll in modal character, narrower in amplitude and less in 
mOdal height than in the 
en Chaft, the Population 
aomewha t. (Gra ph 20). 
mixed population. In Dawson's Gold-
of the pure line is shifted downward 
~he modal height is higher in the pure 
line but otherwise the curves are essentially the same. 
~he curves of t he average wei ght o:t" kernels, (Graphs 21 
&c 22) d 
are very smooth, narrow and high. The amplitu es are 
~ractically the same in all t he curves but the modal heights 
are greater in the pure lines in both varieties. 
The Weight of straw gives curves (Graphs 23 & 24) which 
are 1 
rregular, low in modal height, and wide in amplitude. 
In Fulcaster there is very little difference between the 
CUrv 1 
as of the line and the population, except that modo. 
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height is sligntly greater in the pure line. The pure line 
and mixed populations are bi-modal. In Dawson's Golden 
Chaff the pure line has a considerably greater modal height 
and a narrower amplitude. The population of the pure line 
is shifted downward somewhat also. The pure line is dis-
tinctly bi-modal while the populatIon is tri-moda1. 
The curves of the per cent of grain to straw (Graphs 
25 & 26) are smooth, tall, and narrow. The modal height 
in the pure line of Fu1caster is slightly less than in the 
mixed population and the amplitude is greater. In Dawson's 
GOlden Chaff the modal height is greater in the pure line 
and the amplitude identical to the mixed population. 
The curves of the n~Lber of kernels (Graphs 27 & 28) 
are rather irregular in chara cter. In Fulcaster there are 
two modal paints, one very much below the other. and not 
eo sharp. The modal height of the pure line is much above 
that of the mixed population. The mixed population has three 
modal paints but two of them are very low. The amplitudes 
are about equal. In Dawson's Golden Chaff the mode is not 
Well defined and is so~what lower than the mixed popula-
tion. The mixed po~u1ation is distinctly tri-modal. The 
amplitude is somewhat narrower in the line than in the pop-
~lation. 
Coefficients of Correlation 
The coefficients expressing the correlation between 
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yield and other characters under consideration are given in 
table 6. By a comparison of these data it is seen that the 
correlations can be divided into two ~ore or less distinct 
classes. Between yield and four of the other characters the 
coefficients of correlation for the lines and populations 
in both varieties approximate each other very closely. The 
correlation is also very high for these four cases. The 
other class e mbraces the coefficients of correlation for 
yield and the remaining seven characters. This group of 
data shows less regularity in the degree of correlation for 
anyone character through the lines and populations of the 
two varieties. In further contrast there appears in this 
group less correlation than in the other. This division is 
more or less arbitrary but can be in a measure justified. 
The two classes into which the correlations were divid-
ed coincide in all except one character, the length of culms 
With the two classes into which the coefficients of varia-
b11ity were divided. The length of culms may properly belong 
in the first class although it could not be placed there on 
the baSis of uniformity in degree of eorrelation in lines 
and populations in the two varieties. Supposing that it 
does belong there, the first class includes the correlations 
between yield and all the more gross characters, being sim-
ilar to the first division of the coefficients of variability 
and the second class incluues the correlation between yield 
and the more specific characters. 
The gross characters spoken of above as constituting 
Table 6 
CORRELATIOii C O~;S~lUjTS 
YIELD Fuloaster Fuloaster Dawson's Golden Dawson's Golden 
and Mixed Line Chaff - Mixed Chaff - Line 
weight of :Plant .972 ~ .0018 .965 ~ . 0023 .939 ~ .0040 .965 ~ .0029 
Nu.mber of Culms .917 ~ .0053 .917 i: .0054 .856 i: .0090 .881 }: .0075 
Ave. Length of CU~B .688 ~ .0178 .739 i: .0154 .749 * .0148 .862 * .0086 
Ave. No. of Internodes .465 * .0264 .621 1 .0208 .249 i: .0318 .231 * .0320 
Ave.Length of Internodes .633 1: .0202 .674 ~ .0185 .624 * .0207 .535 1 .0241 I 
.po. 
0 
Ave. Length of Spikes .700 * .0172 .666 * .0189 .583 i: .0224 .547 * .0237 I 
Ave. NO. of Spike1ets .666 ~ .0188 .688 * .0178 .616 1 .0210 .490 i: .0257 
Ave. Weight of Kernel .642 1: .0198 .606 i: .0252 .476 i: .0262 .487 i: .0258 
Weight of Straw .954 ~ .0030 .945 i: .0036 .876 -i .0079 .911 1: .0057 
~ of Grain to straw .515 * .0248 .3209 1 .0302 .351 ~ .0297 .459 i: .0267 
Number of Kernels .979 1: .0014 .971 ~ .0019 .979 i: .0014 .970 1: .0020 
the first clas~, are ~Tield and we igh t of plant, yield and 
nu~nber of culms, yield and average length of culms, yield 
and weight of straw, and yield and number of kernels. 
N~Jber of ~erne1s, however, is probably a unit character. 
The more specific characters referred to are yield and 
number of internodes, yield and length of internodes, yield 
and average length of spike, yield and average n~ber of 
Spikelets, yield and average weight of kernels. and yield 
and per cent of grain to straw. 
The particular significance that can be attached to this 
grouping i8 that it tells where the high, stable correlations 
may be expected and where the lower, fluctuating correlations 
may be looked for. Within the first group the correlations 
for a mixed population or a line, for one variety or another 
will be high and very nearly identical. For instance, the 
correlation between yield and number of kernels (which best 
illustrates the pOint) is .979 ~ .0014 for Fulcaster mixed, 
.971 ~ .0018 for J!'ulcaster line, .979 ~ .0014 for Dawson's 
GOlden Chaff mixed and .970 ~ .0020 for Dawson's Golden , 
Chaff line. It is obvious that such a correlation would 
not fluctuate, especially when it is known that size of 
kernel does not fluctuate very much with yield. 
In the other group the correlations for the lines and 
populations, for one variety and another are seen to vary 
from one anot her in any uncertain amount. }'or instance. the 
oorrelation between yield and average n~ber of internodes, 
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is .465 1 .0264 for ~'uloaster, mixed; .621 1 .0208 for 
Fulcaster, line; .249 1 .0318 for Dawson's Golden Chaff, 
mixed: and .231 1 .0320 for Dawson's Golden Chaff, line. 
Here it is Observed that there are at once wide differences 
and close similarities. Other oom~risons could be made to 
furtter substantiate the above assu~ption. 
There are two factors which influence the degree of 
correlation bet~een two characters. One is heredity and the 
other is envirorunent. In this respect correlation is on a 
par with the means. It is evident that a coefficient of 
correlation may vary according to the way heredity and en-
Vironment may react upon each other in either one or both 
of the characters in question. IThere the two characters that 
are beinG correlated are such that environment and heredity 
must necessarily affect both alike and in practically the 
sa~ degree, it can always be expected that the correlation 
Will be high anu very ~table. On the other hand, if two 
characters are so independent of one another that heredity 
and environment may act indifferently as regards the one and , 
the other, then it cun be expected that the correlation may 
be eIther high or low but usually low. correlations of 
Such characters are very unstable. or fluctuating. There 
is, of course, no sharp line of demarkation between these 
two extremes. 
Seeing how the coefficients of correlation are influ-
enced, it appears evident at the outset that the constants 
of pure lines would have no more definite relation to the 
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mixe d population from whic n it was derive d than would be 
warra nted by. the q:.;.a li t i es of the hereditary cha racters so 
isola t ed. If, by c;lnnce, the mea ~ i 0 f a character isolated 
in the yure line sho~ld be such that it would react with the 
enviro:1ment to I!l o,,'e upward only very slowly wi th the ~,r ield, 
while the mean 0 1 the ra~e for that charucter moved rapidly 
with the yield, then the pure line would show little correl-
ation an,l the mixed popula tion would show high correlation. 
Tho chance o f selection mi ght aff ect the correlation co-
efficient in any conceivable manner so it cannot be pre-
dioted whether t he re will be greater or less correlation in 
the nure line than in the mixed ponulation. 
Some proof of thi s assumption is to be pointed out by 
Oomparing the cons tants for yield ~~d any other single char-
acter through the f our groups of plants. It will be noted 
by re f erring to table 6 that the coeff icient of correlation 
f or a pure line may be above the mixed population in one 
variety and below in the other variot:". Yield and per cent 
o f grain to straw give ~ f or Fulcaster, mixed, a coefficient 
ot .515 ~ .0248; for ~ulcaster. line .3209 ~ .0302; for 
Daws on's Gol Je n Chaf f, ~ i xed .351 ~ .0297; for Dawson's 
Golden Cha f f, line .459 ~ .0267 which illustrates the pOint. 
The correlation 01" th~ characters yield and average length 
Of internodes, ~how a similar rela.tion between lines and 
POPulations. 
There may be a wide disparity in one variety and a 
mar~d similarity in the other. The yield and average 
number of internodes illustrates this point. In the Ful-
caster, mixed, the coefficient for these characters is 
.465 % .0264 and line .621 % .0208; for Dawson's Golden 
Chaff, mixed .249 i .0318 and line .231 % .0320. Yield and 
average number of spikelets and yield and average weight of 
kernels show similar relations. 
The ooefficient of correlation of the pure line is above 
that of the population in both varieties in the case of yield 
and average length 0 f culms. f'ulcaster mixed is .688 ~ .0178, 
line .739 % .0154; Dawson's Golden Chaff, mixed .749 ~ .0148, 
line .862 ~ .0086. For the characters of yield and average 
length of spike, there is less correlation in line than in 
the population. j or these characters the coefficient for 
:b'ulcaster, mixed is .700 ~ .0172, line .666 i .0189; for 
Dawson's Golde~ Chaff, mixed .583 i .0224, line .547 i .0237. 
Again t he two varieties may be almost identical as re-
gards the oonstants for yield and some one character. This 
is shown in the characters yield and n~~ber of kernels where 
for Fulcaster mixed the coefficient is .979 i .0014 and line , 
.971 % .0019; for Dawson's Golden Chaff, mixed .979 * .0014 
and line .970 ~ .0020. Yield and weight of plant, yield and 
number of cuIms, and yield and weight of straw correspond 
With yield and number of kernels. 
One year's work does not warrant making any definite 
predictions from the relations pOinted out above. The . 
changing of environment from place to place or year to year 
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will make repetitions of this wor~ not higluy comparable to 
thi ' wor~. However, additiona l investigation would throw 
Some i nteres ting light on the subject. It i 8 safe to say 
t hat tho ~e characters which give high and practically iden-
tical cons tants in both varieties here will always give re-
sults very simila r to this, while the remaining characters 
will be found to vary considerably from year to year or 
place to place. 
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Fulcaster, mixed. 
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F~caster, mixed. 
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;"leight of gra.in per plant in deCigrams, subject. 
avera.ge n~ber of internodes per culm per plant, 
relative. 
r : .465 i .0264 
Figure 4 
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Fu1caster, mixed. 
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~eight of grain per plant in decigrams, subject. 
Average length of internodes per culm per plant in milli-
meters, re1utive. 
r : .633 1 .0202 
Figure 5 
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Fulcaster, ~ixei. 
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,'/ei3ht of grain per plant in decigraLs, subject. 
Average length of spike per plant in millimeters, 
relati vee 
r = .700 ~ .0172 
Figure 6 
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Fuloaster, mixed. 
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~eight of grain per plant in decigrams, subject. 
Average number of spike1ets per spike per· plant, 
relative. 
r • .666 1 .0188 
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0-1.9 
2-3.9 
4-5.9 
6-7.9 
8-9.9 
10-11.9 
12-13.9 
14-15.9 
16-17.9 
18-19.9 
20-21.9 
22-23.9 
24-25.9 
26-27.9 
28-29.9 
30-31.9 
32-33.9 
34-35.9 
36-37.9 
38-39.9 
40-41.9 
42-43.9 
44- 4.5.9 
46-47.9 
48-49.9 
Total 
1 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
· 
• 
• 
• 
· 
• 
• 
• 
· 
• 
· 
M 
-53-
Fulcaster, mixed, 
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Weight of grain per plant in decigrams, subject. 
Average weight of kernel per plant in milligrams, 
relative. 
r : .642 1 .0198 
Figure 8 
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Fulcaster. mixed. 
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Jeight of grain per plant in decigrams. subject. 
Weight of straw per plant in decigrams. relative. 
r ~ .954 ~ .0030 
Figure 9 
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Fulcaster, mixed. 
1 • 1 • • • • • 1 • 6 
2 6 3 1 2 1 1 
· 
• • 17 
2 6 3 6 1 2 • • • • 20 
2 5 9 4 911 • • 
· 
31 
• 2 3 7 8 4 • • • • 24 
1 4 512 9 2 2 •• • 36 
• 1 311 ~18 2 1 • • 37 
• • 1 1f 7 1 4 •• • 28 
• 2 lEi 152 • 34 
• • 1 6 rJ.27 • • • • 26 
• • 2 8 P.56 1 1 • • 33 
• • 1 2 6 5 • 2 • • 16 
• • • 4 7 7 1 • • • 19 
• 
· 
• 3 8 5 • • • • 16 
• 1 • • 2 3 • • • 1 7 
• • • 3 331 1 • • 11 
• • • 1 4 3 1 • • • 9 
• • • • 5 2 2 • • • 9 
• • • 1 211 1 • • 6 
• • • 2 2 • • • • • 4 
• • • 1 2 • • • • • 3 
• • • • 
2 • • • • • 2 
• • • • 1 • • • • 1 . 2 
• • • • 1 • • • • • 1 
• • • • 1 
· 
• • • • 1 
co to ~ lQ to lQ t- \0 r-t N ~98 C\JlQOlQ\Or-t r-t~ 
Weight of grain per plant in decigrams, subject. 
Per cent of grain to straw, relative. 
r = .515 ~ .0248 
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Fulcaster, mixed. 
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\Veight of grain per plant in decigrams, subject. 
Humber of kernels per plant t relative. 
r ; .979 ~ .0014 
Figure 11 
0-1.9 
2-3.9 
4-5.9 
6-7.9 
8-9.9 
10-11. 9 
12-13.9 
14-15.9 
16-17.9 
18-19.9 
20-21.9 
22-23.9 
24-25.9 
26-27.9 
28-29.9 
30-31.9 
32-33.9 
34-35.9 
36-37.9 
38-39.9 
40-41.9 
42-43.9 
Total 
Fulcaster, line. 
· 0\ 0\ 0\ 0\ 0\ 0\ 
0\0\0\0\0\0\ 
0\0\0\ •••••• 
••• 0\ 0\0\ 0\ 0\ 0\ 0\ • • • • • • 
.0\ 0\ 0\ 0\ 0\0\ 
0\ ....... "-I t<) ~ to t.O 
1111111 
0000000 
....... "-I t<) ~ to t.O 
0\ 0\ 0\ 0 r-i "-I t<) .;:ft to r-i 
r:-- <D 0\ r-i .............. ....... .............. CIS 
11111111. ~ 
000000000 0 
r:-- <D 0\ 0 ....... CIl t<) .;:ft La E-t 
.......................................... 
4 • • • • • • 
· 
• • • • • • • • 4 
1 19 • • 0 • 
· 
0 
· 
0 0 
· · 
• • • 
20 _ 
0 167 1 • 
· · 
0 • 
· 
0 0 • • 
· · 
24 
• 1 155 1 1 • 
· · 
0 
· · 
0 
· 
0 
· 
23 
0 • 4 331 
· 
0 
· · · · · · · · 
• 38 
· · 
0 19251 
· . 
· · · · · · · · 
45 
0 • -I 2231C 2 0 0 
· · 
0 
· · 
0 • 38 
0 • 1 • 9 28 3 • 
· · · · · · · 
• 41 
• • 1 • • 12 P.21 • 0 0 
· 
0 
· · 
• 27 
0 0 0 0 • 2 0-_79 1 0 
· 
• 0 0 
· 
0 29 
• • 
· 
0 
· 
• 8 131 • 1 • 
· · 
• • 23 
• 0 0 0 • 1 • 107 2 0 • 
· 
0 • 0 20 
0 
· 
0 0 
· 
• 0 1105 • • 1 
· 
• • 17 
• • • 
· · 
0 • • 3101 • • 
· 
• • 14 
0 
· · · 
0 
· 
• 1 • 4 3 1 • 
· · 
• 9 
• • 0 • 0 
· 
0 • 1 2 • 1 • 
· · 
• 4 
• • 
· · 
• 
· 
0 
· 
• • 2 2 • 
· · 
• 4 
• • 
· · · · · 
• 1 • 2 2 • • 
· 
• 5 
• • • 
· · 
• • • 
· · · 
1 2 • • • 3 
· · · · 
0 
· · 
0 
· 
• 
· 
• • 2 • • 2 
• • • 
· · 
• 
· · 
• • • • 
· · 
• 1 1 
• • • • 
· · · · · · · · 
• • 1 2 3 
La t.O 0\ 0 0\ cD "-IlQ ~ t<) Q') r:-- t<)"lr-it<) 
t<) "-I cD to It) ~ t<) "l "l 394 
Weight of grain per plant in decigrams, subject. 
Weight of plant in decigrams, relative. 
r = .965 ~ .0023 
Figure 12 
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Ful~uster, line. 
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i-velght of grain per plant in decigrar!:s, sllbject. 
UU::;ber of Cll1ms per plant , relative. 
r : .917 ~ .0054 
Figure 13 
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Fulcaster, line. 
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','{eight of p, rnin per plant in decigraILs, subject. 
Average length of culm per plant in millimeters, relative. 
r = .739 } .015~ 
Figure 14 
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Fulcaster, line. 
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Weight of grain per plant in deci grams. subject. 
Average number of internodes per culm per plant, 
relative. 
r = .621 1 .0208 
Figure 16 
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Weight of grain per plant in decigr~s, subject. 
Average length of internodes per culm per plant 
in millimeters, relative. 
r = .674 1 .0185 
Figure 16 
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Fulcaster, line. 
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i~eight o f gra.i n p e r plant in decigr ams, subject. 
Average lehgth of s ike per plant in millimeters, 
re1ati ve. 
r :II .666 ~ . 0189 
Figure 17 
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Fulcaster, line. 
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Figure 31 
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Weight of grnin per plant i n ~ecigrams, subject. 
Per cent of grain to s trnw, relative. 
r = .351 ~ .0297 
Figure 32 
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Figure 33 
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~eight of grain per plant in decigrams, 
subject. 
Weight of plant in decigrams, ' relative. 
r = .955 ~ .0029 
Figure 34 
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weight of grain per plant in deCigrams, sub~ect.· 
N u~be r of cu1ros pe r plant, relative. 
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Figure 35 
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weight of grain per plant in deCigrams, subject. 
Average length of culm per pl~t in millimeters, 
relative. 
r = .862 ~ .0086 
Figure 36 
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Wei ght of gra in pe r pl an t in deCigr ams, subject. 
Average number of i n ternodes per plant, rel ative. 
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Figure 37 
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weight of grain per plant in decigrams, subject. 
Average length of internode per culm per plant 
in millimeters, relative. 
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Figure 38 
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Summary 
From the foregoing study of the relations between 
the constants of a mixed population and a pure line in 
two vari eties, the following deductions may be drawn: 
1. There is no absolute regularity in the relations 
between the constants of mixed populations and pure lines. 
2. The means of the various measured characters show 
the pure lines to be less vigorous than the mixed pop-
ulations. In both varieties eight characters have lesser 
means in the pure lines than in the ~ixed populations. 
3. The interactions of heredity and environment may 
influence the means in various ways and cau~e an unexpect-
ed relation between a character of a pure line and a mixed 
population. 
4. The standard deviation constants of the pure line 
are not consistantly above or below the standard devia-
tion cons tants of the mixed population. 
5. Increased standard deviation is in most cases, 
assooiated with an increased mean. Conditions favoring 
increased growth seem to favor variability. 
6. The ooefficients of variability show practically 
the same relations between the pure line and the mixed 
population for anyone character as was shown by the 
standard deviation constants. 
7. The variability of a character is "fairly constant 
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for all lines and populations. 
8. ~he measured characters fall into two groups, those 
of a compo 3ite ma~e-up with high per cent of variability. 
and those more specific.in constitution with a lQW per 
cent of variability. 
9. The graphs illustrating the relations between the 
lines and populations show usually a smoother curve. a 
greater modal height and a somewhat narrower amplitude in 
the pure lines than in the mixed popUlations. 
10. The coefficients of correlation l or yield and 
the other measured chll racter s fall into two groups. One 
group is characterized by high coefficients which are fair-
ly constant for all lines and populations; the other group 
is characterized by relatively low coefficients with less 
regula r i ty in the degree of correlation between the lines 
and populations. 
11. The coefficients of the characters of the first 
group may be expected to be alway high and stable. The 
ooefficients of the charaoters of the second group may be 
expected to be always relatively low and fluctuating. 
12. It cannot be predicted with certainty whether 
there will be greater or less correlation in t he pure 
line than in the mixed population. 
13. The literature reviewed corroborates in a meas-
ure the a bove deductions but additional studies would be 
neoessary to establish them as facts. 
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